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相邻基因缺失综合征（AMME，Alport syndrome, Mental retardation, Midface 
hypoplasia and Elliptocytosis.）是由人 X 染色体上一段序列缺失所致， Ammecr1
是位于该缺失序列片段上的基因之一，但该基因的确切功能尚不清楚。数据库搜
索发现在脊椎动物中存在 2 个 Ammecr 同源基因：Ammecr1 和 Ammecr1l，而在
无脊椎动物和细菌中只有一个同源基因。为了探索这一基因的功能，本研究克隆
了文昌鱼中 Ammecr 同源基因，进而对 Ammecr 基因家族的进化和文昌鱼
Ammecr1 基因的表达进行了研究。 
文昌鱼的 Ammecr1 基因(AmphiAmmecr1/1l)的 cDNA 序列全长 2,920bp,其中
开放阅读框全长为 738bp，编码 245 个氨基酸。将 AmphiAmmecr1/1l 与脊椎动物
代表物种人、鸡、爪蟾和斑马鱼以及无脊椎动物海鞘、果蝇和线虫的 Ammecr1
同源基因进行蛋白序列比对，发现 Ammecr 基因家族成员序列相似度很高，尤其
是 C 端区域；利用蛋白比对结果构建的系统进化树显示脊椎动物 Ammecr1 与
Ammecr1l 亚家族分别聚成两簇，AmphiAmmecr1/1l 位于这两基因簇的底部，
这个结果说明脊椎动物 Ammecr1 和 Ammecr1l 可能来源于同一个祖先基因，是基
因倍增的结果。然而，在目前所有可用的硬骨鱼数据库中都只找到一个 Ammecr1

















Ammecr1 及 Ammecr1l，这一结果暗示 Ammecr1l 基因可能在硬骨鱼中发生丢失，




AmphiAmmecr1/1l （ 5 个外显子）和它们也仅有一个外显子之差，且
AmphiAmmecr1/1l 后 一 个 外 显 子 长 度 (209bp) 恰 好 与 脊 椎 动 物 中
Ammecr1/Ammecr1l 后两个外显子  长度之和 (212bp)相当，推测脊椎动物




本实验利用原位杂交和实时荧光定量 PCR 方法比较了斑马鱼 Ammecr1 和文昌鱼
AmphiAmmecr1/1l 在胚胎的表达情况。结果显示，斑马鱼 Ammecr1 呈现母源表达
特征，在卵母细胞和受精卵中有大量基因转录物。同时发现斑马鱼 Ammecr1 也
存在合子表达方式，实时荧光定量 PCR 结果显示合子表达发生在大约囊胚晚期；
24 hpf 时期的胚胎的原位杂交结果显示，表达产物集中在整个脑部， 48 hpf 之
后，在咽弓和背鳍原基处也检测到明显信号，该结果说明斑马鱼 Ammecr1 合子
表达具有时空特异性，可能参与到脑、咽弓及背鳍的形成与发育过程中。 























Phylogenetic analysis of Ammecr gene family and its 
expression during amphioxus and zebrafish 
embryonic development 
Abtract 
The cephalochordate amphioxus is widely regarded as the best available proxy 
for protochordate ancestor of the vertebrates. It shares a lot of traits with the 
vertebrates in both anatomy and embryology, and thus, is widely used as a model 
system for researches in evolutionary and developmental biology to understand the 
basic patterning mechanisms for the chordate body plan and the origin of vertebrates. 
Recent achievements of the laboratorial culture and genome sequencing of amphioxus 
have extensively promoted the pace of amphioxus modelization and also bring the 
tendency of gene function researches on amphioxus.  
The contiguous gene deletion syndrome (AMME, Alport syndrome, Mental 
retardation, Midface hypoplasia and Elliptocytosis.) is caused by a deletion in X 
chromosome, and Ammecr1 is one of the genes in this deleted region but whose exact 
function is yet unknown. The identification of Ammecr homologs in several 
representative animals’ genome databases displays two Ammecr paralogues, Ammecr1 
and Ammecr1l, and a single orthologue in invertebrates. To explore the function of 
this gene, we cloned the Ammecr1 homologue from amphioxus, and made the analysis 
of phylogenetic relationship of Ammecr gene family and detected the gene expression 
patterns during embryonic developments of amphioxus and zebrafish. 
The cDNA length of AmphiAmmecr1/1l is 2,920 bp and has an entire 738 bp 
coding region encoding 245 amino acids. The protein sequence comparison between 
amphioxus and the representatives from vertebrates and invertebrates shows a high 
similarity, especially at the C-terminal region. Phylogenetic analysis base on the full protein 
sequence reveals that AmphiAmmecr1/1l branching just basal to vertebrate Ammecr1 and 
Ammecr1l orthologs. The results hit that the gene of amphioxus could represent the ancestral 















However, in the present study, we have only found out one Ammecr1 orthologue from all available 
teleost genome databases. To verify the result, we amplified potential orthologues of Ammecr1 
from both zebrafish (Danio rerio) and catshark (Chiloscyllium plagiosum) using degenerated 
PCR primer, but we obtained entire coding regions of two orthologues Ammecr1 and Ammecr1l 
from the catshark and only single Ammecr1 orthologue from zebrafish. And our attempts to 
amplify the other orthologue in zebrafish did not succeed. The results indicated that the 
elasmobranches possess two Ammecr genes and the teleosts might have only one.  
To further address the origin of Ammecr1/Ammecr1l orthologues, we compared 
AmphiAmmecr1/1l’s exon/intron structure with that of Ammecr orthologues in vertebrate and 
invertebrate. The result showed that the exon/intron organization displayed extensive 
conservation through out vertebrates, and the AmphiAmmecr1/1l only differ the 
vertebrate orthologues in the last exon whose size is equal to the sum of the last two 
exons of vertebrate Ammecr genes. 
    Sequence comparison of the orthologues suggested that Ammecr family members 
could play similar roles across chordate phylum, therefore, we analyzed Ammecr1 
expression across zebrafish and amphioxus to evaluate the possible function of this 
gene. Comparison of gene expression indicated that both zebrafish and 
amphioxus orthologs of Ammecr1 have maternal expression pattern, which 
suggested a same function they may serve during early embryonic development. 
And we found that zebrafish Ammecr1 also have zygotic expression pattern, 
whose transcript restricted in the entire brain，arches and pectoral fin buds during 
embryonic development, but we can not detected the same expression pattern of 
AmphiAmmecr1/1l during the development of amphioxus. This observation 
might imply the vertebrate Ammecr1 orthologues brought another role during 
embryonic development as the evolution of the vertebrate phylum went on.  


















一  文昌鱼简介 












































图 1-1 文昌鱼的解剖示意图[9] 
注：anus，肛门；atriopore，围鳃腔孔；atrium，围鳃腔；buccal cirri，口笠；cerebral 
vesicle, 脑泡；gonads，性腺；intestine，肠；mouth，口；nerve cord，背神经管； 
notochord，脊索；pharyngeal gill slits，咽鳃裂；Segmental muscles，肌节。 






























发生过两次基因组的倍增[13]。Holland 等(1994，1998) [14, 15]在 Ohno 有关基因倍
增假说的基础上做了修改，提出脊椎动物在进化过程中经历了两轮大规模的基因
复制，第一轮复制发生在文昌鱼同脊椎动物分离之后，即脊椎动物起源之时；第
二轮复制发生在有颌类同无颌类分离之后，这就是所谓的“2R 假说”(two rounds 
of genome duplication hypothesis)。随后在 2003、2007 年，Kasahara M、Panopoulou
等人又先后对该假说做了进一步的肯定。他们通过总结近几年生物学发展的结



































二  斑马鱼简介 





的卵裂特点、胚胎发育规律[25, 26]。同时，Streisinger 的合作者 Charles Kimmel
发现斑马鱼另一个对发育生物学极为有利的优点：胚体透明而且发育速度快[27]。
这些研究成果的报导，证明了斑马鱼适合用做模式生物，引起了许多发育生物学
家的广泛关注。90 年代初美国哈佛大学 Wolfgang Driever 博士的研究组对斑马鱼















































vescle；（L）25体节期；（M）24 hpf；（N）42 hpf。 
Fig. 1.3 Development of the zebrafish embryo at selected stages 
(A) The zygote within its uplifted chorion; (B) The dechorionated zygote with the 
animal pole to the top; (C) Two-cell stage; (D) Sixty-four cell stage; (E) 256-cell stage; 
(F) 30%-epiboly stage; (G) 50%-epiboly stage; (H) 70%-epiboly stage, the arrow 
shows the prechordal plate; (I) Bud stage, The arrow shows the polster, and the 
arrowhead shows the tail bud; (J) Two-somite stage; (K) Fifteen-somite stage , The 
arrow shows Kupffer’s vesicle; (L) Twenty-five-somite stage; (M) 24 hpf; (N) 42 hpf. 





























Fig. 2.2 Principle of in situ hybridization 
四  Ammecr基因的研究进展 
Alport syndrome, mental retardation, midface, and elliptocytosis (AMME)是
与X染色体相关的遗传疾病，该疾病患者X染色体发生一段缺失，目前已鉴定
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